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On a NEW KIND of PORTABLE BAROMETER 

>r MEASURING HEIGHTS. By the Rev. 
JAMES ARCHIBALD HAMILTON, D.D. 
M. R. I. A. 



X HE acknowledged conveniency and accuracy of barometrical ReadDec.3, 
mcnfurations have induced thofe who combine with a tafte for 
experimental philofophy, mathematical Ikill and a talent for 
calculation, to aim at facilitating this work, by rendering the pro- 
cefs for determining the adual differences of altitudes within all 
poflible limits, from barometrical obfervations made at different 
llations, fimple and expeditious. 

This they have effeded by a few general and obvious precepts 
and tables conftruded on the bafis of a theory deduced from adual 
obfervation, and confirmed or amended by accurate and repeated 
trials -, thefe helps, added to the variety of improvements made on 
the conftrudion of the portable barometer, and the excellent 
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methods contrived for its adjuftmcnt and ufe, have enabled 
cnterprifing and perfevering men to afcertain fads with refped 
to the heights of mountains, which, though very material to the 
perfeding of geography and many other defirable objeds in 
natural philofophy, would otherwife in all probability have long 
eluded our refearches, from the infupportable difficulty and fatigue 
that obftrud all attempts at geometrical meafurements of this 
kind ; but the inftruments and tables are fufficiently accurate and 
complete to enable the mechanical and expert, who will not be 
debarred by a little neceffary labour of previous adjuflment 
and concommitant attention, from applying both in their prefent 
forms to attain their end. Yet even thefe require fome con* 
fiderable objed to reward their pains, and there are, befides, 
very many to whom a general fedion of the country they live in, 
and even the particular altitudes of their own grounds, would be 
both ufeful and defirable; who, neverthelefs, are debarred from 
the enquiry by an apprehenfion that a good deal of nice and 
delicate adjuflment is an almoft infurmountablc difficulty in 
unpradifed hands, and that where fo much is required of previous 
ftudy and knowledge, the refults are fo liable to uncertainty as 
not to be perhaps worth the labour of the inveftigation ; admitting 
then that in the hands of a De Luc or a Sauffure the accuracy 
and precifion of the adjuftments of a Ramfden will be done 
ample juftice to, yet ftill, as we have not every where fuch hands, 
fuch inftruments, or fuch objeds as Mountblanc to employ them 
on, it cannot furely be denied that it may be very defirable, even as 
a philofophical amufement, to put within every perfon's reach the 
bufinefs of making an accurate fedion of a whole county, 
province or kingdom, whofe greateft elevations do not exceed 

two 
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two or three thoufand feet above the level of the fea, of marking 
regularly and truly the feveral inequalities of the grounds, and 
of fhewing their a&ual differences of heighth within a few inches, 
by an inftrument of no comparative price, that requires in no 
cafe whatever the fmalleft adjuftment, hardly any previous fkill 
in its application ; is liable to fcarce any accident or error, and 
is not more cumbrous than a common walking ftaff. 

If it fhall appear that fuch an inftrument, within the limits 
affigncd, is capable of extreme accuracy, and anfwers equally 
well all the purpofes of the complicated, expenfive and operofe, 
I fhould hope that this improvement would be favourably received 
by the more fkilful and learned, and afford an incitement to others 
to enter upon an eafy experiment that may lead to many valuable 
difcoveries in the courfe of their refearches. 

I shall now proceed to the manner of making and ufing this 
kind of portable barometer, and fhall add fome remarks on the 
peculiar and confiderable advantages of its conftru&ion. It may 
be proper to premife that the principle on which this inftrument 
ads is this; that corkwood is a fubftance, the pores of which 
afford a ready and free paffage to the particles of air, while at 
the fame time they are too fmall to fuffer thofe of quickfilver to 
to efcape, except indeed fome particular and powerful means arc 
ufed to force them through its interfaces. 

The barometer confifts of a tube not much more than thirty 

inches long, an ivory cylinder about two inches in length, 

and upwards of one inch in diameter, open at one end, clofed 
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at the other by a cover that is to be fitted on with a fcrew, fo 
fine and true as to prevent the efcape of any quickfilver when 
the inftrument is put together. 

A sound, clean and porous cork, of about three-fourths of 
an inch in length, and one in diameter, fhould be very nicely 
fitted to enter with a moderate preffure at the bottom of the 
ivory cylinder, which fhould be turned fo truly throughout 
that the cork may be pufhed up to the extremity of the open, 
where there fhould be left a fmall fhoulder to flop the farther 
progrefs of the cork, and to retain it in its proper place. When 
the cork is in this fituation it fhould be carefully bored with a 
circular file to receive the end of the glafs tube tightly through 
its axis, fo that the end of the tube may rife beyond it, and 
project about half an inch into the empty part of the cylinder, 
and that the axis of the tube, and of the cylinder, may be exactly 
in the fame right line. 

The tube fhould be then carefully filled in the ufual manner, 
and the mercury poured over the end into the ivory cylinder till 
fuch a quantity is admitted as may be fufficient, when the lid 
is fcrewed down tight, to cover the end of the glafs tube in any 
poffible pofition of the inftrument : to wit, when held either 
parallel, oblique, or perpendicular to the horizon, a bored maho- 
gany ftafF with a brafs fcale and vernier, a thermometer cafe, 
and caps of brafs to Aide or fcrew on each end, is to be prepared 
to receive the barometer and its attached thermometer, which 
being firmly and carefully introduced and fitted to their places, 
the whole is completed and fit for ufe. 

FIGURE 
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FIGURE L 

A B reprefents a fe&ion of the barometer longitudinally, 
when put together and ready for ufe. F the ivory cylinder. 
C D the fcale, with a vernier that Aides fo as to cover the 
operture when the inftrument is put by. E the attached ther- 
mometer in its cafe, G G the brafs caps that fecures the ends. 



FIGURE II. 

A B reprefents a fe&ion of the ivory cylinder with its cork 

C, and its tube T S the furface of the mercury. M the mafs 
of mercury, E E the fhoulders that keep the cork C in its 
place ; and F F its bottom that fcrews on tight. 

To ufe the inftrument, you have nothing to do, but taking 
it lightly between the finger and thumb of the right hand near 

D, fig. I. gently turn up the point A, and looking through 
oppofite to the light (for the outer cafe is to be cut to give this 
advantage, and alfo for the purpofe of a fcale and vernier 
divifion on each fide) you will obferve the mercury to fink 
gradually and gently to its due ftation ; and with your left hand 
following the fubfiding furface of the mercury with the bottoms 
of the vernier Aide (which are to be made exa&ly fquare 
and of the fame length) determine their contact with the top of 
the quickfilver when fettled, and finally read off the obfervation, 

N 2 on- 
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on one or both fides of the inftrument. Note, for greater 
accuracy this procefs may be repeated two or three times, and 
fhould the feveral obfervations vary, a mean of all may be 
taken. 



Remarks on the Conftru3ion and Ufe of the Inftrument* 

REMARK I. 

On the conftru&ion of this inftrument very little need be faid, 
as it is fo obvioufly fimple and eafily to be apprehended. It 
may not, however, be ufelefs to remark that the author has, 
by the ufe of a variety of thefe inftruments for a number of years, 
fatisfied himfelf and feveral ingenious and philofophical friends, 
that the permeability of cork to air, and at the fame time its 
refiftance to the paffage of mercury, is mod fatisfaftorily afcer- 
tained, a point which cannot be too ftrongly infifted on in this 
bufinefs, as the fuccefs of the experiment depends entirely on 
the truth of this fad ; in making the inftrument, great care 
fhould be taken to provide found, fmooth, and fpungy corks, 
to fit the round of both tube and cylinder very accurately, and 
to be careful not to force them into their places too tight, which 
would not only endanger breaking the tube, but alfo make the 
rife and fall of the mercury, on inverting the barometer, too 
tedious. It will be alfo requifite, in filling the ciftern, to 
obftrve accurately the quantity of mercury that will fuffice to 
keep the end of the tube covered in all pofitions, and at the fame 

time 
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time leave the greateft poflible room for the reception of the 
falling quickfilver* 



REMARK IL 



On the Adjuftmmt *f the InftrutHenf. 

This Inftrumentis adjufted, once for all, at the time of making; 
it, in the following manner : 

MfiASflRR very exa&ly the inner diameter of the ivory cylinder, 
which fhould be turned throughout perfe&ly true ; the infide 
of the cover very fhallow and of the fame dimenfions with the 
reft of the cylinder. You are likewife to meafure the diameter 
of the aperture of the glafs tube, which fhould be alfo chofen 
truly cylindrical and well drawn. Thefe diameters being known, 
a very eafy calculation will fhew what the correction of the fcale 
muft be within any afllgned limits ; that is to fay, what the 
elevation of a fluid in a cylinder of one inch diameter will be by 
pouring into it the contents of another cylinder of one-tenth of an 
inch in diameter, and three inches or any other given quantity in 
height. There will in the prefent cafe be required another cor- 
rection (viz.) an allowance for the fpace occupied in the cylinder 
by the projecting part of the glafs tube. Thefe calculations being 
made for every particular barometer, its fcale fhould be accom- 
panied 



panied with a fmall table of corre&ions for converting the obferved 
differences of altitude into the true to be applied at reading off 
the obfervations. 

But as fome perfons may chufe to eonftrud thefe barometers 
who could not rely on their fkill in making thefe calculations, 
they may find the above correction mechanically, as follows: 
before you put the inftrument together, let the tube exceed the 
required length, perhaps three or four inches: break off three 
inches, and referve them till the barometer is finifhed ; apply it 
in its cafe to the fcale, and carefully note the height it ftands at 

For greater fecurity, let this obfervation be made three or 
four times, then take it out of the cafe or mounting, and opening 
the cylinder, without lofingany of the mercury, fill your referved 
tube of three inches, and pouring the contents into the cylinder, 
replace all in the mounting- Now obferve the height the 
mercury ftands at -, the difference of this and the former height 
gives precifely the effed on the level of the mercury in the 
ciftern, occafioned by the addition of three inches of the contents 
of the tube ; and this quantity will ferve as an argument to con- 
ftrud a fcale of corredion for the inftrument which cannot err. 

It is to be obferved, that when you have thus attained what 
may be called the error of the fcale, you fhould withdraw the 
mercury poured in, to leave the more room in the ciftern, if 
wanted. 

Example 
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Example of the above Procefs. 



On conftru&ing a barometer, with a cylinder of one inch in 
diameter, I obferve the mercury to ftand at 29, o. I open the 
cylinder, and pour in three inches from a piece of the referved tube, 
replacing the whole as before j I obferve that the mercury now 
ftands at 29, 12. It is obvious, from this experiment, that had 
I carried the barometer, previous to this infufion of mercury, 
to an height which would have occafioncd the defcent of three 
inches of mercury into the ciftern, that the effect would have 
been precifely fimilar, u c. that the mercury would then ftand 
at 26,12*, and of courfe, in eftimating all heights, the interval 
found by this barometer is in the firft inftance to be increafed 
in the proportion of ,04 of an inch for every inch the mercury 
falls in the tube. It is eafy to apprehend that a table may be 
readily formed to make thefe allowances at fight, as correct as 
can be defired. 

On the advantage of this adjuftment it is to be obferved, that 
being once found, it remains perfe&ly free from any poffibility 
of alteration, as neither the form or capacity of the tube or 
ciftern are liable to alter. It faves the trouble of pouring 
mercury in or out of the ciftern ; the inconvenience of leather 
bags, that are conftantly liable to go out of order and wafte the 
mercury ; and, befides, gets rid of all the errors of adjuftment, 
arifing either from fridtion or reading off; which the obferver is 

liable 
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liable to in the ufe of the floating guage, or any other contrivance 
fubftituted in its room, that requires to be adjufted at every 
feparate obfcrvatlon. 



REMARK III. 



On the Dimenjions of the InjirumenL 

As fimplicity and portablenefs are the great advantages of 
this inftrument, I would recommend the keeping the width 
of the aperture of the tube as much under as poffible, as well 
to prevent accidental breaking from the weight of a thick column 
of mercury, as alfo to leave the more room for the defcending 
mercury in the ciftern, Jf the diameter of the tube is a full 
tenth of an inch, and that of the ciftern r, 2, there will be 
ample room to meafure a height of 3000 feet, which is enough 
for any thing intended to be accomplifhed by this inftrument. 
The fhell of the glafs fhould be of ftrong and tough metal, and 
the fealing well annealed, as there is nothing but the gradual 
admiflion of the air through the cork to check the force of the 
mercury againft the top of the barometer on inverting it. It 
is alfo plain that the length of the tube fhould be as little more 
than that of the greateft ufual height of the mercury at the level 
of the fea as poffible, becaufe when the barometer is ufed all 
the fuperfluous mercury that runs down from above the height 
will contract the neceffary fpace in the ciftern, 

REMARK 
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REMARK IV. 



On the Mercury* 



The mercury fhould be pcrfe&ly well cleaned ; this is beft done 
by repeatedly wafhing it in a vial with fucceflive frefh waters, 
and when dried pouring it through a pin-hole made in a white 
paper cone. 

The mercury may (if required) be boiled in the tube ; but 
I apprehend there arc fome confiderable objc&ions againft this 
mode. 



REMARK V. 

On the Thermometers. 

The attention to the Hate of the attached thermometer, fo 
neceffary in the ufe of any barometer for meafuring heights, 
is particularly fo in this $ as from the fize and material of the 
ciftern or cylinder its dimenfions are liable to poffible changes. 
To obviate this obje&ion the fides of the cylinder fhould be 
made pretty thick and ftrong, as otherwife they might be acted 
upon in fome degree like Mr. De Luc's hygrometers, and a 

Vol. V, O change 
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change in their dimenfions from expanfion or contraction might 
defeat the accuracy of obfervation. It were at all times definable, 
with every fpecies of barometer, that the feparate obfervations 
fhotrld as nearly as poffible be made at the fame temperature 
of the annexed thermometer. If this circumftance is attended 
to the fource of errors depending on this caufe will entirely 
vanifh. 



REMARK VI. 



On carrying and iifing the Barometer. 

The only fafe way of carrying this inftrument is with the 
point downwards ; the attached thermometer is to be loofe in 
its cafe with a quill fcale, and a bit of cork or cotton within the 
cap for its bulb to reft on; in this way I have both on horfeback 
and in carriages conveyed this inftrument fafely for many 
hundred miles. 

From the conftrudtion it is evident that, if accurately made, 
they will hang truly plumb when inverted and held lightly 
between the fore-finger and thumb. But this obvious advantage 
does not preclude many contrivances which might be thought 
of to hang them in gimmals, or fufpend them in any manner 
that might be thought more advifable. This and a great many 
varieties in the conftru&ion, which might be adopted without 
interfering with the fimplicity of the principle, I leave at large 

to 
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to the curious, and fhall only add, that from continued and 
cautious experience it is manifeftly certain that thefe barometers 
are as fenfible and fhew the fmalleft changes in the weight of 
the atmofphere as accurately as thofe whofe citterns are a&ually 
open, and that I have tried them repeatedly againft fome of the 
ingenious and accurate Mr. Ramfden's provided with floating 
guages, verniers, &c. and the refults have never varied two inches 
from each other in altitudes of above three hundred feet. 



On Barometrical Menfuration. 

The inftruments required for this purpofe are two good 
barometers of a proper and fimilar conftrudion, with two 
thermometers of Farenheit's fcale to each, one attached to the 
barometer and covered in its cafe as near the mercury as poffible, 
to determine the a&ual heat or cold and the confequent expanfion 
or contraction of the mercury in the inftrument. The other 
detached for obferving the temperature of the air in the (hade, 
and from thence to deduce the value in length of a column 
thereof equal in height to a given column of mercury in the 
barometrical tube. 

£?• If the heights to be meafured are but fmall, and the 
different flations acceflible in a fhort interval of time, one ob- 
ferver by going from place to place may determine them with 
fufficient accuracy ; but if either the heights or the intervals 
of the ftations in diftance make a confiderable portion of time 

O 2 neceffary 
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neceffary to complete the obfervers, they fhould unquestionably 
be made by feparate obfervations at the fame inftant of time, to 
be afcertained either by fignals or by a previous comparifon and 
adjufiment of their feveral time-keepers. 



The Things to be done are, 

i ft, To obferve accurately the heights of the mercury in the 
barometer at the refpe&ive places of obfervation, and carefully to 
note the differences. 

2d, To obferve the temperature of the mercury in the barometer, 
by confulting the attached thermometer of each barometer at the 
different places of obfervation. 

3d, To note the temperature of the air, by obferving alfo at 
each ftation the ftate of the detached thermometer in the fhade. 

These obfervations being carefully made, and the neceffary 
allowances and calculations gone through, the refult will give 
very corredtly the difference of the a&ual height of the two 
ftations. 
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To equate a given Column of Mercury in the Barometer fo as U 
a/certain its proportionate Length to a Column of 30 Inches with 
a Temperature of 55 of Farenheit's Scale. 

A$ the mercury in the barometer expands and contracts itfclf 
in proportion to the heat and cold of the atmofphere, fo that the 
fpecific gravity of the metal is in fa£i different at different times, 
it is evident that the a&nal height of a column df the atmofphere 
beiag given, if the temperature of the air as to heat and cold 
varies, the length of the rod of mercury fupported by fuch a 
given column will be longer or fhorter in proportion to the 
greater or leffer degree of atmofpheric heat. To afcertain there- 
fore the variations in columns of mercury of different lengths, 
arifing from the different temperatures 6f the atmofphere, fome 
given length and given temperature muft be fixed on, as the 
term or ftandard of comparifon. 30 inches of mercury, and 55° 
of Farenheit's thermometer, have been generally chofen for this 
ftandard, as the one is pretty nearly the mean height of the 
mercury in the barometer at the level of the fea, the other the 
point of the fcale of Farenheit's thermometer, ufually in thefe 
climates marked temperate. If either or both of thofe terms vary, 
the obferved length of any column muft be equated to reduce it 
to what it would be if the mercury flood at 30 in a barometer at 
the level of the fea, and the thermometer at 5 g<\ It has been proved, 
by very exa6t and repeated experiments, that the barometer, 
{landing at 30 inches, the expanfion produced in the whole 
column by a change of one degree of heat in the thermometer, 
is equal to ,00304 of an inch. On this calculation, for a 
variation of 33° of the thermometer above or below 55° you 

muft 
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muft retrench or add ,i of an inch from or to the obferved height 
of a column of 30 inches, and on the fame principle it will 
be found that a variation of each degree of the thermometer 
above or below 55 expands or contracts the mercury ,00101333 
of an inch in every column of the length of ten inches. The 
mercury therefore {landing at 30 inches, the correction for each 
degree of variation of temperature above or below 55 is in the 
proportion of ,1 of an inch to a variation of 33 ; call this cor- 
rection C. If the height of the mercury in the barometer alfo 
varies from 30, call the obferved height A, and the correction 

AC 

fought X, then fay 30 : A : : C : X, therefore —X. To 

3° 
abridge thefe calculations a table has been conftruCted on the 

foregoing principles, which ihews in decimals of an inch the 

efFeCt of the expanfion or contraction for each fingle degree of 

the thermometer above or below 55 upon the number of inches 

of ? marked in the firft column- 



TABLE 



L 



Inches of ? 



10 


,001013 


20 

30 
40 

50 
60 


,002027 

,003040 
,004053 

,005067 
,006080 


70 
80 
90 


,007093 

,008107 
,009120 



To 
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To ufe this table, write out the decimals correfpondi ng to the 
given height of the barometer in inches and decimal parts, 
lowering the places of the decimals for the odd inches and tenths 
above or below 30 inches Add all together, and multiply the 
fum by the difference in degrees of the attached thermometer 
from 55 # . This produd applied to the obferved height — or+as 
the temperature of the barometer was above or below 55°, will 
give the correct height for the mean temperature. Note, this 
corredion is to be regulated by the attached thermometer at 
every flation and obfervation; and is intended with a view to 
afcertain and allow for the adual temperature of the mercury in 
the feveral barometers. 

As the expanfive power of heat and the contraction of cold do 
alfo fo affed the atmofphere, that as thefe caufes vary a longer 
or Shorter column of the atmofphere, and of courfe different 
intervals of height, will be indicated at different times by a column 
of mercury of the fame length, and reduced as above to a ftandard 
temperature. 

It therefore becomes neceffary to corred the differences of 
heights fhewn by the reduced columns of mercury at the different 
ftations, by a calculation founded on the effeds of heat and cold 
on the atmofphere. The argument for this calculation is the mean 
temperature of the atmofphere, obtained by adding together the 
heights of the mercury in the detached thermometers at the dif- 
ferent ftations, and dividing the fum by 2. This mean may be 
called an injaginary temperature. 

TABLE 
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TABLE II. 



1 1 ■"■■'• 

2 


,0024 
,0048 


3 

4 

5 
6 


,0072 
,0097 
,0121 
,0148 


7 
8 

9 


,0170 
,0194 
,0218 



As the ratio of the decreafe of denfity in the atmofphere 
is only conformable to the tabular logarithms and Englifh 
mcafure in the temperature of 32* nearly of Farenheit's fcale, 
table the fecond is calculated to fhew the correction required 
for the rarefa&ion of each foot of the atmofphere for a fingle 
degree of heat above 32 in decimals of a foot, and may be 
applied to any number of feet, as for 4444,4 



Example 4000- 
400 
40 



4 
A 



•9,72000 
,97200 
,09720 
,00972 
,00097 



From 
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From the preceding obfervations and tables are deduced the 
following rules to determine the actual differences of the heights 
of the places of obfervation* 



RULE L 

Reduce the temperature of the mercury in each barometer 
to the mean temperature at each ftation* 



RULE IL 

Reduce the obferved temperatures of the atmofphere at the 
different ftations to the imaginary uniform temperature, 

RULE IIL 

Seek the common logarithms of each obferved height, cor- 
re<5led by rule I. in inches and tenths, and rejedl the index* 

Cut off the fir ft four figufes with a comma, and place the 
logarithms one under the other. The differences of the parts 
of thefe logarithms, preceding the comma, fhew the actual 
differences of the heights of the ftations in Englilh fathoms ; 
and the differences to the right of the comma in decimals of a 
fathom, provided the mean temperature of the atmofphere 

Vol*V. .P (that 
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(that is, the imaginary uniform temperature) be nearly 32*; 
otherwife call this refult the approximate height. Multiply the 
approximate height by 6 to reduce it to feet. 



RULE IV. 

Seek in the table^ for correction of rarefra&ion of the atmo- 
fphere, the numbers anfwering to the numbers of feet in the 
approximate height. Multiply the fum of thefe numbers by 
the difference in degrees and decimals of a degree between the 
imaginary uniform temperature and 32 . If the imaginary 
unform temperature exceed 32 . add this produtfl to the ap- 
proximate height, and the fum will be the a&ual difference 
of the heights of the ftations in Englifh feet. This method 
of inveftigation is deduced from a paper of Dr. Mafkelyne's, 
founded on the calculation of Mr. De Luc and Sir George 
Shuckburgh; and to make it more practicable and lefs 
complicated the algebraic demonftrations are omitted. If 
General Roy's calculations of the effedts of heat and cold 
on the atmofphere and on the mercury be more accurate than 
any former ones, they may be eafily adapted to thsfe formulc^ 
and tables calculated from them. 



POSTSCRIPT. 

This communication on the fubjedl of the portable barometer 
was fome time fince fubmitted to the confideration of the learned 

and 
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and accurate friend whofe valuable correfpondence accompanies 
it; and whatever its intrinfic value may be, the author has no 
doubt that, from its having fuggefted the following curious 
hints and obfervations, it is well worth being offered to the 
notice of the Academy. He is himfelf convinced, by the ex- 
perience of many years, that it will adl effectually and well in 
the form he defcribes, which, as being by far the moll fimple, 
he therefore propofes as moll eligible. He mud confefs that in 
making thefe inflruments a confiderable degree of nicety is 
required, to adjufl: the cork to the box and tube in fuch a 
manner, as to allow the air a ready accefs to the furface of the 
mercury, and at the fame time completely confine it in its 
box ; and it has often occurred that by comprefling the cork 
too tightly the rife and fall of the mercury have been more 
gradual than were to be wifhed. To remedy this, the author 
thought of, and put in practice, fome contrivances that were 
fully fufficient ; but as he thinks none of them fo complete as 
that fuggefted by his correfpondent, he will not increafe the 
length of this paper by inferting any of them. Having made 
numbers of the portable barometers in their fimplefl forms, 
compared their variations with thofe of the very beft open 
barometers, and found them to correfpond exa&ly; having 
alfo carried them fome thoufands of miles, moftly in a carriage, 
but often on horfeback, without injury to any of them, he is 
inclined to think that, in the improved form, they fhould be 
adopted for general ufe, and may be readily and univerfally 
made upon the plan of a corrected fcale, as fet forth in the 

P 2 following 
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following letter by his ingenious friend. Should any perfon wifh 
to try the experiment therein mentioned, relative to the abforption 
of air by mercury, it will make it ftill more decifive and 
fatisfa&ory. If after the ciftern is finally clofed, it, and about 
half an inch of the tube immediately adjoining it, be dipped 
in melted wax and fuffered to cool, and this repeated three or 
four times. 



